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Abstract
Objective—The prevalence of obesity is
increasing in many European countries
and in the United States. This report
examines the mortality and morbidity
associated with being overweight and
obese in the Caerphilly Prospective Study
and the relative eVects of weight in middle
age and self reported weight at 18 years.
Design—All men aged 45 to 59 years from
the town of Caerphilly, South Wales and
outlying villages were identified and 2512
men were examined for the first time
between 1979 and 1983. Men were asked to
recall their weight at 18 years of age (when
the majority had been examined for
National Service) so that weight then,
weight at screening, and the diVerence
could be related to their 14 year follow up
from screening. A total of 2335 men could
recall their weight at 18 years. By 14 years
of follow up from screening 465 men had
died and 382 had had coronary events.
Results—Mean body mass index in men
who reported their weight at 18 years was
22.3 (SD 2.8) kg/m2 and only 41 of these
men (1.8%) were classified as obese (index
> 30 kg/m2). The index did not predict all
cause mortality when examined by quin-
tile. For major ischaemic heart disease
(non-fatal or fatal ischaemic heart dis-
ease) the relative odds was 1.73 (95% CI
1.21, 2.48) in the top fifth of the distribu-
tion (body mass index > 24.2 kg/m2) com-
pared with the bottom fifth (body mass
index <20.1 kg/m2). In men with an index
> 30 kg/m2 however, the relative odds were
2.03 (95% CI, 1.03, 4.01) for all cause mor-
tality and 2.17 (95% CI, 1.08, 4.34) for
major ischaemic heart disease, adjusted
for age, smoking habit and social class.
When men were recruited to the study,
from 1979 to 1983; the mean body mass
index had increased to 26.2 (SD 3.6), a
mean increase of 3.9 kg/m2 or 11.2 kg; 299
men (12.1%) were classified as obese and
showed significantly increased relative
odds of both all cause mortality (1.53 (95%
CI 1.14, 2.06) and major ischaemic heart
disease (1.55 (95% CI 1.13, 2.11)), adjusted
for age, smoking habit and social class
relative to the non-obese men. The eVect
of gain in weight from 18 years to recruit-
ment was also examined; all cause mor-
tality showed highest mortality in the fifth
of the distribution who experienced

weight loss or minimal weight gain. For
major ischaemic heart disease an incon-
sistent, weak trend was shown, the relative
odds rising to a maximum of 1.26 (0.89,
1.80) in the top fifth of weight gain
compared with the bottom fifth. Weight
gain showed strong associations with po-
tential cardiovascular risk factors
measured at recruitment; insulin, triglyc-
eride, glucose, diastolic and systolic blood
pressure and high density lipoprotein-
cholesterol.
Conclusions—Body mass at 18 years of
age of 30 kg/m2 or more conferred in-
creased risk for all cause mortality and
major ischaemic heart disease during 14
years of follow up of men aged 45 to 59
years. By the baseline examination the
prevalence of obesity (body mass index
>30) had increased from 1.8% to 12.1%;
obese men also showed an excess risk of
major ischaemic heart disease and overall
mortality, but these risks were lower than
those predicted from 18 years of age.
Weight gain was strongly associated with
smoking habit, the greatest weight gain
being among ex-smokers and the least
among light smokers. Weight gain from 18
years of age to baseline examination
showed little relation with subsequent
mortality and risk of major ischaemic
heart disease when adjusted for age,
smoking habit and social class. The lowest
mortality rate occurred in the “fifth” of
men who gained a mean weight of 16.1 kg.
Weight gain is closely associated with
some adverse cardiovascular risk factors;
in particular with insulin, triglyceride,
glucose and diastolic blood pressure.
(J Epidemiol Community Health 2000;54:344–348)

Obesity is increasing in younger populations1

but there is limited information available on its
long term consequences. A recent report from
the British Regional Heart Study2 suggested
that the lowest mortality from any cause of
death was found in the range for body mass
index between 20.0–23.9kg/m2. Previous
reviews3 4 had suggested that a range of 20–27
kg/m2 showed no significant increase in risk of
death in follow up studies. Others have
suggested that morbidity associated with over-
weight should also be considered in determin-
ing ideal body weight.5 6 This controversy has
implications for public health, which is facing
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rising trends in the prevalence of obesity,7 and
it has been proposed that the general popula-
tion should be the target of campaigns to
reduce the prevalence of overweight and
obesity.2 8

In this report we examine the influence of
both body weight self reported at 18 years of
age, and of weight gain by middle age (45 to 59
years) on subsequent mortality or major
coronary events (fatal or non-fatal myocardial
infarction) during almost 14 years of follow up.
We also examine the association between
weight gain from 18 years of age and
cardiovascular risk factors in middle age (45 to
59 years).

Methods
A population sample of men aged 45 to 59
years was recruited from a defined geographi-
cal area centred on Caerphilly, South Wales
between 1979 and 1983. Men were asked to
complete a questionnaire that included self
reported weight (in stones and pounds) at 18
years of age; 2512 men were examined, 89% of
those eligible for inclusion by age and known to
be resident within the area. Survey methods
have been described previously.9 Briefly, symp-
toms suggestive of myocardial infarction and
angina were elicited using the London School
of Hygiene Chest Pain questionnaire. Height
was measured to the nearest millimetre and
weight to the nearest decigram using single
standardised instruments—a Holtain stadiom-
eter and a beam balance, respectively. Blood
pressure was recorded using a Hawksley
random zero sphygmomanometer by a single
medical observer and a 12-lead ECG was
recorded and Minnesota-coded by two experi-
enced readers.

Men were asked to return to an early morn-
ing clinic after an overnight fast when a venous
blood sample was taken using minimal venous
stasis.

LABORATORY METHODS

Full details of all laboratory methods used for
determination of fasting insulin, glucose and
lipid parameters have been reported in detail
elsewhere.10

FOLLOW UP EXAMINATIONS

The results reported in this paper refer to the
third follow up. This was at a nearly constant
interval of almost 14 years (165 months (SD
6)).

At each follow up the Chest Pain Question-
naire was administered, and an electrocardio-
graph recorded. Details about hospitalisation
for severe chest pain were also reported. These,
together with Hospital Activity Analysis notifi-
cations of admissions coded as 410–414—
ischaemic heart disease in the 9th revision of
the International Classification of Diseases—
were used as the basis for a search of hospital
notes for events that satisfied the World Health
Organisation criteria for definite acute myocar-
dial infarction.9 For men who had died before
the end of follow up, a copy of the death
certificate was automatically received from the
NHS Central Registers for England and Wales
at Southport. From this information, three cat-
egories of incident coronary events were
defined: coronary death, clinical non-fatal
myocardial infarction and electrocardiographic
myocardial infarction as previously described.9

A major coronary event was defined as one or
more of the three possible outcomes described
above.

STATISTICAL METHODS

Logistic regression analysis was used to com-
pare the all cause mortality and ischaemic
heart disease incidence during follow up in
subgroups defined by body mass index, while
adjusting for possible confounding variables.

Cardiovascular risk factors were compared
in groups defined by quintiles of change in
body mass index using one way analysis of
variance. Tests for linear trend and departures
from linear trend are reported. Changes in risk
factor levels associated with each fifth increase
in the index were rendered more comparable
by expressing the coeYcient for linear trend in
terms of the standard deviation for each risk
factor.

Results
A total of 2512 men were examined between
1979 and 1983; body mass index at recruit-
ment was available for 2470 men. Approxi-
mately 7% of men could not recall their weight
at 18 years (when the majority had been exam-
ined for National Service). Therefore self
reported weight at 18 years was available for
2335 men, but often this was rounded to the
nearest half stone. This was converted to kilo-
grams. Quetelet’s index was used as the stand-
ard measure of body mass (weight/height2 in
kg/m2).

Figure 1 shows the distribution of body mass
index at 18 years. The mean value was 22.3
kg/m2 (SD 2.8). Only 41 (1.8%) men reported
their weight as suYcient to be categorised as
obese with an index of 30 or more kg/m2. Fig-
ure 1 also shows the distribution of body mass
index at recruitment with a mean value of 26.2
kg/m2 (SD 3.6). This indicates an average
increase in body mass of 3.9 units between the
age of 18 years and recruitment (aged 45 to 59
years) an average weight gain of 11.2 kg (SD

Figure 1 Distributions of body mass index at 18 years of age and at study entry (aged 45
to 59 years).
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11.2) but with a wide variation between men in
the amount of weight gained. The Pearson cor-
relation coeYcient between weight at 18 years
and recruitment was 0.48. Figure 2 shows the
distribution of the body mass change between
the age of 18 years and recruitment. In all but
310 men (13.3%) there is a gain in weight.

At 14 years 465 of the 2335 men with weight
reported at 18 years had died and 382 had
experienced a major coronary event (either
fatal or non-fatal). Body mass index at 18 years
of age did not significantly predict long term all
cause mortality when examined by fifths of the
distribution but the relative odds for incident
ischaemic heart disease in the top fifth was 1.73
(1.21, 2.48) in comparison with the lowest
fifth. This odds ratio is adjusted for age, smok-
ing habit and social class; the last variable was
included as two thirds of men were working or
had been employed in heavy manual labour
(table 1).

In Table 2 the small group classified as obese
with a body mass index of 30 or more units at
18 years of age has been compared with the
remainder of the population. The risk of
subsequent mortality or of a coronary event
was increased and statistically significant.

At recruitment 12.1% of this study popula-
tion was obese. Among these men mortality
was significantly increased by 1.53 (95% CI
1.14, 2.06) and risk of major ischaemic heart
disease increased by 1.55 (95% CI 1.13, 2.11).

The overall relation between weight at 18
years and at entry was weak (r = 0.34).

Table 3 shows the association between
weight change from the age of 18 years to
recruitment and subsequent mortality or inci-
dent ischaemic heart disease. The all cause
mortality data show the highest mortality in
those with minimal weight gain or weight loss.
The relation between weight gain and mortality
is curvilinear; the lowest mortality is experi-
enced by the fifth of men gaining 16.1 kg on
average. No clear pattern is evident for incident
ischaemic heart disease.

Figure 2 Distribution of change in body mass index in men from 18 years of age to study
entry (aged 45 to 59 years).
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Table 1 Risk of death or a coronary event in the 14 years after screening examination in fifths of the distribution of body
mass index at 18 years of age

Body mass index
fifths (kg/m2)

Number
of men

Number of deaths
(%)

Relative odds of death
(95% CI)*

Number of coronary
events (%)

Relative odds of coronary event
(95% CI)*

<20.1 467 88 (19%) 1.00 60 (13%) 1.00
20.1 to 21.5 467 84 (18%) 0.94 (0.67, 1.32) 78 (17%) 1.41 (0.97, 2.04)
21.6 to 22.7 467 83 (18%) 0.89 (0.63, 1.25) 66 (14%) 1.12 (0.76, 1.63)
22.8 to 24.1 467 96 (21%) 1.03 (0.74, 1.45) 83 (18%) 1.43 (0.99, 2.06)
>24.2 – 467 114 (24%) 1.29 (0.93, 1.79) 95 (20%) 1.73 (1.21, 2.48)

Likelihood ratio ÷2 = 5.91; df = 4; p = 0.21 Likelihood ratio ÷2 = 11.47; df = 4; p = 0.02

*Relative odds adjusted for age, smoking habit and social class.

Table 2 Risk of death or a coronary event in the 14 years after screening examination in obese and non-obese men at 18
years of age

Body mass index Total

Number (%) of men

Dead With coronary event

Less than 30 2294 451 (20%) 370 (16%)
30 or more 41 14 (34%) 12 (29%)
Relative odds adjusted for age, smoking habit and social class (95% CI) 2.03 (1.03, 4.01) 2.17 (1.08, 4.34)

KEY POINTS

x Men who reported relative weight in the
upper fifth of the distribution at 18 years
of age experienced a 73% increase in the
odds or risk of subsequent coronary
disease from middle age (45 to 59 years)
compared with men in the lowest fifth of
the distribution, but a non-significant
increase in death from any cause by 14
years of follow up.

x The very small group of men who were
clinically obese at 18 years of age experi-
enced double the risk of death from any
cause or of subsequent coronary disease
from middle age to 14 years of follow up.

x Weight gain by middle age showed no
clear relation with risk of subsequent cor-
onary disease and the lowest mortality
from any cause was found in men who
had gained 16.1 kg on average.

x Weight gain in men from youth to middle
age is usual; substantial increases in
weight are not associated with signifi-
cantly increased mortality by 59 to 73
years of age in our cohort but are associ-
ated with increases in cardiovascular risk
factors in middle age.
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Table 4 shows that smoking habit is strongly
associated with weight change from 18 years of
age to recruitment. Increases in body mass
were greatest among ex-smokers and least
among light smokers. The heaviest smokers,
who experienced the greatest weight gain, were
also the youngest age group and moderation in
both smoking and calorie intake with advanc-
ing age may explain these findings.

Table 5 shows mean values for cardiovas-
cular risk factors by weight gain categorised
into fifths. Results are presented that allow for
the range of values of each individual risk fac-
tor and are in SD units. Insulin and triglyceride
(analysed on a logarithmic scale and converted
to geometric means) show the largest incre-
ments at 0.24 and 0.20 SD units for each fifth
increment in body mass index.

Discussion
These data indicate that, for a cohort of men
born between 1921 and 1937 and living in
South Wales, body mass at 18 years had, for
most men, no influence on subsequent mor-
tality between the ages of 59 to 73 years. A sig-
nificant relation was noted between the very
few men classified as obese at 18 years of age
with a body mass index of 30 or more units and
subsequent incidence of ischaemic heart dis-
ease and death from any cause. Obesity among
young men was rare before the second world
war, only 41 (1.8%) men falling into this
category, resulting in very wide confidence
intervals for odds ratios in this group. When
using the wider classification of overweight at a

body mass index of 25 units or above, no con-
sistent gradient was found in mortality and
incidence of ischaemic heart disease. However,
when classified by fifths of body mass index at
18 years there was a non-significant 29%
increase in the top fifth of the distribution
(relative to the bottom fifth > 24.2 kg/m2). For
coronary incidence the gradient was inconsist-
ent but the relative odds were significantly
increased by 73% in the top fifth.

It is recognised that this Welsh cohort will
not include men who died between the ages of
18 years and recruitment to the study, and the
eVect of selective prior mortality of the
overweight should be considered. We know of
no such studies in the UK but in the
Netherlands HoVmans et al11 examined the fate
of 18 year olds to the age of 50 years. In the
Dutch cohort 0.8% of men had died of coron-
ary disease and 1% from cancer by age 50
years. The mean body mass index of coronary
cases and controls was similar (21.0 (SD 2.0)
and 20.8 (SD 1.8 kg/m2 respectively) in the
Dutch study and therefore selective eVects are
unlikely to have biased the results of the
present study.

In our cohort, in common with the majority
of other western populations,12 most men
gained weight until middle age. By age at entry
into the study the achieved body weight was
stable, with a small decline in the oldest age
group of men examined. The rounding of
weights at 18 years to the nearest half stone
may have resulted in some misclassification of
body mass index at 18 years and consequently
may have slightly diminished our ability to
detect associations with mortality and incident
ischaemic heart disease to give a positive find-
ing; but it seems unlikely that any spurious
association would be generated.

The findings in this population sample of
men are in broad agreement with those of the
British survey of heights and weights of adults
undertaken in 1980.13 This study found that
the Welsh sample of men contained one of
the highest proportions of overweight men.

Table 3 Risk of death or a coronary event in the 14 years after screening examination in fifths of distribution of change in body mass index from 18 years
to recruitment

Fifth of change in body mass
index (kg/m2)

Mean weight change
(kg) Total men

Deaths
n (%)

Relative odds*†§
(95% CI)

Coronary events
n (%)

Relative odds*‡
(95% CI)

−10.5 to +0.86 −3.5 466 123 (26%) 1.00 78 (17%) 1.00
0.87 to 2.84 5.7 467 91 (19%) 0.77 (0.56, 1.06) 83 (18%) 1.19 (0.84, 1.68)
2.85 to 4.53 10.8 467 79 (17%) 0.71 (0.51, 0.98) 73 (16%) 1.09 (0.76, 1.56)
4.54 to 6.63 16.1 467 68 (15%) 0.58 (0.41, 0.82) 65 (14%) 0.96 (0.67, 1.39)
6.64 to 25.4 27.0 466 103 (22%) 0.97 (0.70, 1.32) 83 (18%) 1.26 (0.89, 1.80)

*Relative odds adjusted for age, smoking habit and social class. †Trend ÷2 = 0.86, df = 1, p = 0.35. Heterogeneity ÷2 = 13.5, df = 4, p = 0.009. ‡Trend ÷2 = 0.46, df
= 1, p = 0.50. Heterogeneity ÷2 = 3.19, df = 4, p = 0.53. §Quadratic term significant.

Table 4 Mean increase in body mass index and weight gain in men (18 years to
recruitment) by smoking category at recruitment

Smoking category Number
Mean increase in body mass
index (kg/m2) (95% CI)

Mean increase in weight
(kg) (95% CI)

Never smoked 362 4.31 (3.95, 4.67) 12.6 (11.5, 13.7)
Ex-smoker 675 4.66 (4.38, 4.94) 13.8 (13.0, 14.6)
Pipe/cigar 250 4.11 (3.66, 4.56) 12.2 (10.8, 13.5)
Cigarettes daily

1–14 324 2.46 (2.04, 2.89) 7.1 (5.9, 8.4)
15–24 414 2.85 (2.50, 3.20) 8.3 (7.3, 9.3)
25+ 297 3.69 (3.26, 4.12) 10.9 (9.6, 12.1)

Table 5 Change in body mass index in men (18 years to recruitment) and mean levels of cardiovascular risk factors at recruitment

Fifth of change in body mass index (kg/m2)

Insulin*
(geometric mean)
(IU/l)

Total triglyceride
(geometric mean)
(mmol/l)

Glucose*†
(mmol/l)

Diastolic blood
pressure
(mm Hg)

Systolic blood
pressure†
(mm Hg)

HDL
cholesterol
(mmol/l)

Total
cholesterol†
(mmol/l)

−10.5 to +0.86 4.02 1.23 4.70 85 135 1.19 6.01
0.87 to 2.84 4.74 1.42 4.74 87 141 1.13 6.24
2.85 to 4.53 5.80 1.55 4.86 89 141 1.12 6.26
4.54 to 6.63 6.43 1.76 4.85 89 142 1.09 6.32
6.64 to 25.4 8.55 1.97 5.08 93 145 1.05 6.26
Mean increase per fifth of change in body mass index,

expressed in SD units for each risk factor 0.24 0.20 0.15 0.14 0.11 −0.10 0.05

All between group comparisons were highly significant (p<0.001 by one way analysis of variance) as were tests for linear trend. *Diabetics (defined by clinical history
or by glucose >7.8 mmol/l) excluded from insulin and glucose analyses. †Evidence of departure from linear trend (p<0.05).
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Average weight gain in older men in Britain,
estimated from the age of 21 years to middle
age was 7.6 kg compared with 11.2 kg in this
study.

The amount of weight gain was strongly
associated with smoking habit, smokers gaining
only 66% of the weight gained by those who
had never smoked. We also fitted statistical
interactions to the logistic model to check if the
eVects on mortality and cardiovascular mor-
bidity of increasing body mass index between
18 years and recruitment varied with smoking
habit at recruitment.

Highest mortality was shown by those who
lost weight. Although the size of this eVect was
slightly reduced by excluding deaths early in
the follow up at one year, two years, three years
and five years the pattern of mortality was very
similar, with the lowest mortality in men who
had gained 16.1 kg on average. Shaper et al2

suggest that body mass index should ideally be
maintained at 22–23.9 kg/m2 during adult life,
but a review of 11 population studies that
includes several studies with self reported
weights in young adulthood suggests that some
degree of weight gain in adulthood is associated
with lower all cause mortality.14

However, the impact of weight gain on some
possible cardiovascular risk factors can be
clearly seen (table 5), particularly for insulin
and triglyceride. The impact of increases in
these variables may be relatively weak in men
dying between the ages of 45 to 73 years of age
as we have previously reported9 and the eVects
of weight gain may be stronger in an older age
group with a longer period of follow up. Body
mass index at 18 years showed no consistent
relations with the cardiovascular risk factors
shown in table 5, while body mass index at
screening showed a very similar pattern of
trends to that shown by weight gain. The influ-
ence of weight gain on cardiovascular mortality
has been reported for a 20 year follow up in the
Gotenberg Study;15 lowest mortality from cor-
onary heart disease was found in men with
stable weight during follow up (±4%), and men
with greater weight gain showed a significantly
increased risk of death from coronary disease.
Duration of follow up may be particularly
important for adequate assessment of the
impact of overweight. For example in a study of
18 244 Chinese men aged aged 45–64 years
followed up for 6.7 years on average,16

cardiovascular mortality was significantly in-
creased only in the upper fifth of the distribu-
tion of body mass (>26.0 kg/m2) in which a
twofold increase in cardiovascular mortality
occurred in lifelong non-smokers. In an Italian
study17 of over 62 000 men and women
followed up for six years the minimum risk of
death was found in middle aged men with a
body mass index of 29 kg/m2. A review of pro-
spective studies18 found that minimum risk
occurred in non-smoking 50 year old men fol-
lowed up for 30 years with body mass index
between 23 and 28 kg/m2.

Future British, north American and western
European cohorts will diVer from the present
cohort in the proportion of smokers, only 16%
of our cohort having never smoked; current
cohorts of young adults typically contain 60%
of non-smokers.1 On balance the evidence
suggests that excess mortality caused by smok-
ing greatly outweighs the eVect of being
overweight. However, in the youngest age
group of the English Health Survey 18–24
years the prevalence of clinical obesity has risen
to 5%1 and this group are clearly at increased
risk. Both declining levels of physical activity
and changing dietary patterns have been
suggested to contribute to this trend7 and a
changing spectrum of cardiovascular risk
factors may have implications for the trends
and presentation of future cardiovascular
disease. New studies in larger and younger
cohorts will be required to adequately examine
the health consequences of being overweight.
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